[1] The relationship between the production of dimethylsulfide (DMS) in the upper ocean and atmospheric sulfate aerosols has been confirmed through local shipboard measurements, and global modeling studies alike. In order to examine whether such a connection may be recoverable in the satellite record, we have analyzed the correlation between mean surface chlorophyll (CHL) and aerosol optical depth (AOD) in the Southern Ocean, where the marine atmosphere is relatively remote from anthropogenic and continental influences. We carried out the analysis in 5-degree zonal bands between 50°S and 70°S, for the period (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004), and in smaller meridional sectors in the Eastern Antarctic, Ross and Weddell seas. Seasonality is moderate to strong in both CHL and AOD signatures throughout the study regions. Coherence in the CHL and AOD time series is strong in the band between 50°S and 60°S, however this synchrony is absent in the sea-ice zone (SIZ) south of 60°S. Marked interannual variability in CHL occurs south of 60°S, presumably related to variability in sea-ice production during the previous winter. We find a clear latitudinal difference in the cross correlation between CHL and AOD, with the AOD peak preceding the CHL bloom by up to 6 weeks in the SIZ. This suggests that substantial trace gas emissions (aerosol precursors) are being produced over the SIZ in spring (October-December) as sea ice melts. This hypothesis is supported by field data that record extremely high levels of sulfur species in sea ice, surface seawater, and the overlying atmosphere during ice melt.
Introduction
[2] The Southern Ocean (SO) may have an extremely important role in global climate regulation due to its proportionately large potential contribution to atmospheric CO 2 regulation [Chisholm, 2000; Hiscock et al., 2003] . It is unique in that it includes waters from the Atlantic, Indian and Pacific oceans, and its seawater physiology is affected by the seasonal variation in sea-ice around the Antarctic continent, producing areas of permanently open ocean, as well as transient sea-ice zones [Boyd, 2002] . Furthermore, the interplay of various circumpolar fronts produce regionally distinct water masses with individual physical and chemical signatures [Orsi et al., 1995] . The Antarctic sea ice zone acts as a boundary between the Antarctic and subAntarctic, an interface between the upper ocean and the lower atmosphere, and globally, as a region of important interactive physical and biogeochemical processes.
[3] The SO has unrivalled supplies of macronutrients, yet is described as a high-nitrate low-chlorophyll (HNLC) region [Banse, 1996; Hiscock et al., 2003] . A variety of mechanisms have been suggested for this anomalously low nutrient utilization, including zooplankton grazing, light limitation due to deep mixing and micronutrient limitation, especially iron (Fe) [Abraham et al., 2000; Wright and van den Enden, 2000; Gao et al., 2001] . The Fe-limitation hypothesis has been confirmed by in situ fertilization experiments, for example, SOIREE [Boyd and Law, 2001] , but algal response to Fe addition is complex, displaying both regional and taxonomic variability. Coale et al. [2003] report that algal growth in the Antarctic Circumpolar Current (ACC) and Ross Sea was more sensitive to Fe addition in high-silicate water than in low-silicate water. Prymnesiophytes and pennate diatoms were most sensitive to Fe enrichment and were responsible for the bulk of the growth signal.
[4] The SO also plays a significant role in the biogeochemical cycling of sulfur due to high spring-summer fluxes of dimethylsulfide (DMS), particularly south of 60° [Curran and Jones, 2000; Kettle and Andreae, 2000] . Different algal species produce varying quantities of dimethylsulfonioproprionate (DMSP), the precursor to DMS, however it is now thought that whole food web dynamics are as important as taxonomy in net DMS production [Simó, 2001] . DMSP is thought to have a number of physiological roles in the algal cell, for example it is a cryoprotectant in low temperature biomes such as the polar oceans, and an osmolyte, protecting against sudden changes in salinity [Malin and Kirst, 1997; Stefels, 2000] . DMSP is released from the algal cell during zooplankton grazing after an algal bloom, or due to viral lysis; however, its transformation to DMS is a microbially mediated reaction. Diatoms and haptophytes are the two main classes of phytoplankton that currently dominate the open waters of the SO, with haptophytes (e.g., Phaeocystis antarctica), being generally found south of 60°S, having higher intracellular DMSP than diatoms.
[5] However, in the SIZ, ice algae have also been shown to be significant producers of DMS and DMSP in the polar oceans [Kirst et al., 1993; Levasseur et al., 1994] . In a study that focused on DMSP levels in sea-ice in the Eastern Antarctic, Trevena et al. [2000 Trevena et al. [ , 2003 reported high (5 -13,525 nM), but variable concentrations of DMSP in ice algae. In surface pack ice, DMSP concentrations ranged from 6 to 2672 nM (mean 351 nM), with much higher concentrations in shallow interior, deep interior and bottom ice sections, suggesting that different species of ice algae contain varying quantities of DMSP at different depths in the ice [Trevena, 2003] . On the basis of these results, Trevena et al. [2003] estimated the total Antarctic SIZ could contain as much as 9 Gmol S as DMSP. During melting, ice-algae can also be released into the surrounding water, initiating iceedge phytoplankton blooms [Stewart and Fritsen, 2004] . In particular, open water holes in sea ice, like polynyas, can have a large impact on the local atmospheric DMS load [Kleefeld, 1998] . Turner et al. [1995] reported mean open water concentrations of DMS and DMSPp, of 2 nM (0.15 -27 nM) and 25.6 nM (2 -69 nM), respectively. Higher concentrations (DMS 5.8 nM and DMSPp 41.2 nM) were observed in a phytoplankton bloom forming a band between 67.2°S and 68.2°S, associated with the Southern Polar Front, with very high sea-ice sulfur levels (DMS + DMSP: up to 546 nM) in the Bellingshausen Sea, again clearly emphasizing the potential contribution of sea ice to DMS flux.
[6] Emission of DMS from the ice-free waters in the Antarctic region of the Southern Ocean (50°S-70°S) has been estimated to range from 26 -85 G mol S yr À1 , representing 5 -17% of the global DMS emission from 6% of the ocean surface area [Curran and Jones, 2000; Kettle and Andreae, 2000] . There is strong indirect evidence that regional SO 4 2À aerosol production is influenced by the seasonal change in sea ice, as very high levels of stored DMS(P) are released during melting and strong correlations between MSA and sea-ice extent have been reported in paleoclimate studies [Curran et al., 2003] . One of the earliest studies to measure contemporaneous sea water and atmospheric DMS concentrations in the SIZ was undertaken in December 1991 through January 1992 in waters off the Antarctic Peninsula by [Kirst et al., 1993] , who reported strong coherence between CHL, DMSP, seawater and atmospheric DMS and condensation nuclei. High but variable levels of DMSP (1.5 -75 nM), DMS (water: 0.3-250 nM, air: up to 2000 ngm À3 ) were recorded; interestingly, condensation nuclei numbers increased dramatically as the ship cruised south of 60°S and through the sea-ice zone.
[7] DMS is supersaturated in the upper ocean, and when ventilated forms the primary source of biogenic sulfate aerosol in the SO. This observation was originally based on field data [Bates et al., 1992] , and has recently also been confirmed by a global modeling analysis [Gondwe et al., 2003] . In the atmosphere, DMS is oxidized to methanesulfonic acid (MSA) and sulfate particles, which can act as cloud condensation nuclei (CCN) [Cosme et al., 2002; Gondwe et al., 2003] . The hypothesized relationship between the DMS-sulfur cycle and the Earth-atmosphere radiation balance [Charlson et al., 1987] , is likely to be most effective in the relatively unpolluted atmosphere of the SO, where, as Twomey [1991] has shown, cloud albedo is most susceptible to change in CCN due to the low background particle numbers. Indeed, DMS flux perturbation simulations have recently highlighted the central role of the SO between 50°S and 70°S in the DMS-climate feedback hypothesis [Gabric et al., 2003 [Gabric et al., , 2004 .
[8] Given the high mean wind speeds year round in the SO, almost all aerosols larger than 0.13 micron in the marine boundary layer contain at least some sea salt [Murphy et al., 1998 ]. Sea salt is influential in determining the aerosol composition of the SO, however seasonality in sea-salt aerosol production is low, and it thus constitutes a constant source of background aerosol [Murphy et al., 1998; ]. The contrast between the weak seasonality of the sea-salt component and the pronounced seasonal behavior in atmospheric sulfur species and CCN [Ayers and Gras, 1991] supports the central role of biogenic DMS emissions as precursors of CCN in this region, at least in the biologically productive spring-summer season [Andreae et al., 1999] . Aerosol sampling studies in coastal Antarctica [Savoie et al., 1992; Minikin et al., 1998; Jourdain and Legrand, 2001; Rathke et al., 2002] and the South Pole [Arimoto et al., 2001] all show a strong summer increase and dominance by sulfate species (SO 4 2À ), consistent with a marine biogenic source. Increase in the levels of non sea salt (nss) SO 4 2À aerosols measured at three Antarctic coastal stations during October, when in situ biological activity was still low, was suggestive of long-range atmospheric transport from the SO farther north, where biological activity had already commenced ].
[9] In the first work to examine the relationship between satellite derived CHL and AOD in the SO, Gabric et al. [2002] reported a strong correlation in the Subantarctic region (40°S-53°S), particularly during the summer period. They attributed this to episodic atmospheric delivery of Fe in continental-derived mineral dust, which stimulated algal growth, and also possibly contributed to DMS-derived aerosol production. Here we extend this analysis to higher latitudes of the SO between 50°S and 70°S (Figure 1 ), which are more remote from continental sources of mineral dust. Specifically, we were interested in identifying evidence of couplings between satellite-derived levels of CHL and AOD, and exploring the role of seasonal sea ice melt in algal productivity and biogenic aerosol loads. AOD is a function of sea salt, mineral dust, organic compounds, as well as nonsea-salt sulphate and MSA, which is derived solely from oxidation of atmospheric DMS. In the Subantarctic region (40°S-50°S), mineral dust concentrations are seasonal, and may reach high levels during episodic summer dust storm events [Gabric et al., 2002] . DMS-derived aerosol can contribute up to 20% of the submicron aerosol, with 80% contributed by sea salt ]. At higher latitudes over the sea ice, mineral dust levels are low, and the DMSderived contribution (MSA and non-sea-salt aerosol) could be much larger, given the possibility that melting sea ice contributes such a large fraction of the total DMS emissions from the Antarctic region of the Southern Ocean. In addition, it is possible that DMS is degassing from sea ice as air temperatures increase from spring to summer, as it is thought that cracks and leads in the ice cover are the main sources of gas transfer from sea ice [Shepson et al., 2003; Leck et al., 2004] .
Analysis and Data Sources

Satellite Data Analysis
[10] CHL (mg m
À3
) and AOD at 856 nm were obtained from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) archive for the 7-year period September 1997 to September 2004. Level 3 (9 Â 9 km 2 ) 8-day binned data (octads) representing 46 products per year were processed into standard mapped image (SMI) format. The AOD is proportional to aerosol particle concentration from the ocean surface to the top of the atmosphere and can be retrieved with an accuracy of 10% [Wang et al., 2000] .
[11] This resulted in 323 images layered into composite files for each of CHL and AOD. Sea ice data were obtained from the ''Nimbus-7 SMMR, DMSP SSM/I Passive Microwave Data, Daily and Monthly Polar Gridded Sea Ice Concentration'' data administered by the National Snow and Ice Data Centre (NSIDC). The wind speed climatology was obtained from the NCAR data repository (Scientific Computing Division Data Support Section, Boulder, Colorado).
Time Series and Statistical Analysis
[12] The time series were analyzed in four global latitude bands: 50°S-55°S, 55°S-60°S, 60°S-65°S and 65°S-70°S. The temporal resolution of the satellite data is 8 days, and it was found that five-period (40-day) moving averages gave the best compromise between seasonal and short-term variability in both CHL and AOD data. Cross correlation was then used to determine the relationship between parameters within each global band. The cross-correlation coefficient, P xy , for two time series x (CHL) and y (AOD) at a lag L is defined by
where x and y are the means of x = (x 0 , x 1 , x 2 , . . ., x N-1 ) and y = (y 0 , y 1 , y 2 , . . ., y N-1 ).
[13] In order to examine the correlation at various lags between the two time series, the cross-correlation coefficient was computed for lags À7 < L < +7. A lag of +L periods meant that we were comparing the time series of CHL (t = t o ) with AOD (t = t o + L). In the (60°S-70°S) band, data were only available from September -April due to the Antarctic winter. To retain valid sample sizes, biyearly data sets were lagged and then appended to create a single multiyear data set (1997 -2004) within each latitude band, whilst ensuring annual discontinuities were maintained in the time series. The relationship between CHL and AOD was also explored in smaller meridional sectors:
(1) the Eastern Antarctic (110°E -140°E, 60°S-70°S, (2) the Ross Sea (160°W -135°W, 60°S-80°S and (3) the Weddell Sea (65°W-0°W, 55°S-80°S).
Sea-Ice Distribution and Temporal Patterning
[14] To explore the contribution of the SIZ to algal productivity and aerosol loads we compared the temporal cycles in CHL, AOD and sea-ice cover. Mean monthly ice cover was calculated for the period January 1997 to December 2003 for 2°global latitude bands between 60°S and 71°S. Effectively, this provided data up to the eastern Antarctic coastline. To ensure valid data for regions above 70°S, the analysis was repeated to cover the Ross and Weddell Sea sectors that extend farther south. For a more highly resolved temporal analysis, daily ice cover was analyzed for the Eastern Antarctic sector.
Results and Discussion
Spatio-Temporal Distribution of Sea Ice
[15] Fractional sea ice cover was strongly seasonal in (60°S-70°S) for the period 1997 -2003 (Figure 2 ). During the summer months (December -March) average ice extent retreated to approximately 65°S. Between May and December the entire global latitude band (60°S -70°S) had some degree of sea ice cover. Ice melt commenced in all latitude bands during October, reaching a minimum cover during February. Interannual variability in zonal mean sea-ice extent was low during the study period. However, notable interannual variation in the timing of the sea-ice maximum and the commencement of summer melt-water production was evident in the data for the Ross Sea, and the Eastern Antarctic sector (Table 1) . For example, sea-ice cover in the Eastern Antarctic reached its maximum in August during 1997, but as late in the year as early October during 2001 -2003.
Spatio-Temporal Trends in CHL
[16] The time series data show that CHL increased from early September in 50°S-60°S but later in the spring, south of 60°S (Figure 3) . Maximum CHL concentrations were recorded during the austral summer (December -February), irrespective of latitude. When considering all years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , average CHL concentrations showed an increase with latitude, with peak CHL concentrations in the 65°S-70°S band approximately a factor of 2 larger than those in the 50°S-60°S band. The CHL peak appeared later in the summer at higher latitudes, the algal dynamics presumably influenced by the southerly retreat of the ice edge and the annual cycle in solar irradiance. Interestingly, the highest interannual CHL variability was recorded in the 60°S-65°S band, with a notably high peak ($0.7 mg m À3 ) during January 2000. This may be due to variation in the wintertime upwelling of Fe-rich Upper Circumpolar Deep Water (UCDW) which is located approximately at this latitude. Elevated dissolved Fe concentrations [Loscher et al., 1997] and high biomass blooms have been associated with the upwelling of UCDW [Pollard et al., 1995; Prezelin et al., 2000] , which is present in near-surface waters of the Southern ACC and Antarctic Zones (south of 60°S), but absent in the near-surface waters of the Subpolar Regime, the APFZ, and the Subantarctic Zone farther north [Buesseler et al., 2003] .
Factors Affecting the AOD
[17] The satellite-retrieved AOD depends on the atmospheric concentration of a number of species, including sea salt, mineral dust, organic compounds, as well as non-sea-salt sulphate and MSA. Analyses of air-parcel trajectories show that Australian-sourced mineral dust can be transported as far as 52°S during summer peak dust storm activity [McTainsh et al., 1998; McGowan et al., 2000] . However, Gao et al. [2001] report that mineral dust and associated Fe deposition in the SO, as a percentage of the global oceanic contribution, is low (0.52%) when compared with Northern Hemisphere (NH) ocean basins (22 -48%). There is little evidence of seasonality in Fe flux over the SO, with inputs consistently <0.1 mg m À2 month
À1
, compared to a seasonal range of 3-12 mg m À2 month À1 in the NH. Similarly, Edwards and Sedwick [2001] , who used Fe concentrations in snow to quantify the deposition and solubility of aerosol-derived Fe in the Antarctic SIZ, suggest that atmospheric Fe provides <5% of the estimated annual algal productivity for the region.
[18] Aerosol scattering properties depend strongly on the particle mass distribution, with the most efficient scattering occurring for particle sizes in the range 0.2 -1.0 mm in diameter. In the SO, the submicron range is composed largely of nss SO 4 2À , although sea salt can also be present and during the ACE-1 experiment (November-December 1995) dominated the supermicron size range ]. The atmospheric loading of sea-salt aerosols is positively correlated with wind speed [Andreae et al., 1999] but not highly seasonal in our study region, as zonal mean wind speeds in the 50°S-70°S band are high all year Thus any strong seasonal variability in AOD in this region, particularly south of 55°S where mineral dust transport is minimal, is most likely due to seasonality in the biogenic source. The predominant aerosol species over the remote SO are nss SO 4 2À and MSA, with MSA derived solely from DMS. The submicron range dominates the total aerosol composition, especially at higher altitudes Rathke et al., 2002] .
[19] AOD displayed moderate seasonality at all latitudes, with the seasonal range increasing at higher latitudes. Maximum AOD showed a reduction with increasing latitude (Figure 3 ), consistent with a strong decrease in mineral dust loading with latitude, as indicated by model simulations [Gao et al., 2003] . Significantly, AOD peaks were roughly coincident with CHL peaks in the 50°S-60°S global bands, but preceded the CHL peaks at higher latitudes. This was particularly evident in the 65°S-70°S global band where, with the exception of 2002, a strong peak in average AOD occurred from mid-October and was followed almost 2 months later by the peak in CHL. AOD peaked in December during 2002, but still preceded the CHL peak. The late AOD peak during 2002 is consistent with the later commencement of ice melt in the Eastern Antarctic during this year.
[20] The same general patterns were observed in the regional analyses ( Figure 5 ) for the Eastern Antarctic, Ross Sea and Weddell Sea. We did not apply a running mean in the regional analyses so as to better illustrate the range of values in both CHL and AOD signals. Of particular note is the high post-bloom AOD peak in the Eastern Antarctic during January -February 2002, which coincided with a prior high CHL peak and high melt-water production during that summer (Table 1) .
Correlations Between CHL and AOD
[21] This seasonality in the relationship between CHL and AOD cycles is confirmed in the lagged correlation analysis (Figure 6 ). Between 50°S and 60°S, CHL and AOD are positively correlated (P < 0.01) regardless of lag period.
With increasing latitude, the shift to AOD preceding CHL is clearly evident. At 60°S-65°S the correlation reaches a maximum level with a negative five-period lag (r = 0.5, P < 0.002), indicating that the AOD and CHL signals are now out of phase, by approximately 40 days. At 65°S-70°S this reaches a maximum level with a negative six-period lag (r = 0.34, P < 0.01), reflecting a longer phase lag due to the delayed peak in CHL at higher latitudes. Although our results do not provide unequivocal proof of a sea-ice sulfur source, the decoupling of the CHL and AOD signals, and the timing of the earlier peak in AOD south of 60°S, is consistent with the hypothesis that sea-ice melting and associated release of biogenic sulfur species is contributing to the aerosol concentration.
[22] Further evidence for the connection with sea-ice melt is provided by data on atmospheric DMS collected during several voyages of the Aurora Australis during the October -December periods of 1991 -1994 [Curran et al., 1998; Curran and Jones, 2000] . The aggregated data are shown in Figure 7 , demonstrating that both the Antarctic Convergence Zone (ACZ) (53°S-55°S) and the SIZ (62°S-70°S) are strong sources of DMS to the atmosphere. While the source of atmospheric DMS over the ACZ is related to algal production, the peak in atmospheric concentration over the SIZ is likely due to the emissions of DMS and possibly other volatile organics from melting sea ice.
[23] Examination of the post-bloom AOD data in the 60°S -65°S band also shows a regular second peak, corresponding to the senescent phase of the algal growth cycle and consistent with model simulations of post-bloom increases in DMS flux during February -March at these latitudes [Gabric et al., 2003] . This post-bloom AOD peak is not evident in the 65°S-70°S band due to the later timing of the CHL peak and the consequent truncated time period of this data set.
[24] During mid-December 1998, high concentrations of dissolved DMS (21 to 37 nM) were recorded in a 500-km transect through the melting ice edge in the eastern Antarctic from 62°S-70°S [Trevena, 2003] . CHL concentrations throughout the transect were relatively low (<0.5 mg L À1 ), suggesting an ice edge bloom had not developed [Treguer and Jacques, 1992] . In 21 sea ice cores collected from varying sites in eastern Antarctica, dissolved DMS concentrations ranged from <0.3 to 75 nM (mean 12 nM). DMS concentrations along the ice-edge transect were nearly threefold higher than these average sea-ice DMS concentrations. This difference suggests that the elevated seawater DMS concentrations in the 500-km transect were likely derived primarily from sea-ice DMSP released during ice melting, and not from in situ production by an ice-edge bloom. The satellite data for December 1998 show that the main AOD peak clearly precedes the CHL peak, and is coincident with the period of ice melt (Figure 8 ). It is also interesting to note the distinct, second AOD peaks during the summers of 1999 -2000 and 2001-2002 , which were years with relatively strong CHL maxima and presumably high DMS production associated with the main summer bloom.
[25] A possible explanation for the large amounts of DMSP and DMS levels released during ice melt is that Figure 4 . Climatological wind speeds for the 50°S-70°S band [Trenberth et al., 1989] .
ice algae have synthesized and accumulated high intracellular concentrations of DMSP in the low-temperature, hypersaline environment that exists in the brine channels in sea ice. As temperatures increase and the ice melts during spring, these extreme environmental conditions are alleviated, and the algal cells adapt by releasing the now superfluous DMSP. Such rapid responses are common in sea-ice microorganisms which have to be physiologically Figure 5 . Time series plots of regional average chlorophyll a and aerosol optical depth in the Eastern Antarctic, Ross Sea, and Weddell Sea. plastic to acclimate to sudden changes of the sea ice microhabitats in which they live [Mock and Thomas, 2005] .
Conclusions
[26] We have presented evidence for a widespread aerosol loading mechanism in the SO south of 60°S during spring, which is independent of mineral dust influences, and which precedes the main summer CHL peak. Zonal mean wind speeds in the 50°S-70°S global band were strong year round with only weak seasonality, suggesting that sea-salt aerosol is not a significant contributor to changes in the aerosol load in October-November over the SIZ. Furthermore, year-round monitoring at eastern Antarctic coastal sites indicates the seasonal change in the atmospheric sea-salt load is clearly out of phase with the seasonal cycle of the open water fraction, with sea salt reaching a maximum in winter, possibly due to the mobilization of brine from the sea-ice surface in winter ].
[27] Consequently, we believe that the AOD signature in the spring -early summer period over the SIZ is due to large pulses of DMS and/or other volatile organic compounds emanating from melting sea ice. A suite of volatile organic compounds have been reported in data collected during the International Arctic Ocean Expeditions in 1991 Expeditions in , 1996 Expeditions in and 2001 which suggested that open leads in the sea ice were the dominant source for both large and small particles in the summer Arctic atmosphere [Leck and Bigg, 1999] . In the Arctic, two local CCN sources were identified: particles derived from the bursting bubbles on open water between ice floes (film and jet drops) and particles reaching CCN size by acquisition of oxidation products of dimethylsulfide [Leck et al., 2002] .
[28] The late summer post-bloom phase shows evidence of DMS flux impacts on the aerosol loading, with a second AOD peak succeeding the CHL peak. The timing of the second AOD maxima is consistent with model predictions on the time lag between CHL and DMS peaks [Gabric et al., 2003] , and existing data on the seasonal cycle in DMS flux from open waters [Kettle and Andreae, 2000] .
[29] Clearly, further satellite retrievals of AOD, together with field surveys, over a longer time frame are needed to test our hypothesis, but the possibility exists that AOD measurements could identify the timing of any large-scale extent of sea-ice melting around Antarctica, and the amplitude of this signal may provide insights on the amount of DMS-derived aerosols that are emitted from the SIZ in the Figure 6 . Cross-correlation coefficients (r) across each 5°g lobal latitude band using a ±7 period lag. Dotted lines show correlations which were not significant (P > 0.05). Figure 7 . Atmospheric DMS concentrations measured on Aurora Australis during several cruises in spring-summer (1991 -1994) .
spring-summer period. Sea ice maximal extent has decreased by 60 nautical miles in eastern Antarctica (80°E-140°E sector) since the 1950s, but this does not seem to echo any clear temperature trend from meteorological stations in the region [Wolff et al., 2003] . Our results suggest that this loss of sea ice would have decreased emissions of DMS in this region and consequently the levels of DMSderived aerosols, such as atmospheric MSA. This decreasing trend in MSA since the 1950s is indeed evident in the ice-core record examined by Curran et al. [2003] ; what effect this may have the radiative climate over the Antarctic Southern Ocean is unknown.
